Introduction and hypothesis Anterior vaginal wall length (AVL) is on average 6.1±1.3 cm in women with normal support and lengthened in women with cystocele. We hypothesize that AVL is reduced after anterior repair and that women with larger cystoceles will have greater reduction in AVL. Methods Demographic, clinical, and surgical data were collected for women undergoing hysterectomy and anterior repair in whom intraoperative vaginal wall measurements had been made between November 2009 and April 2014. In the operating room, AVL was defined preoperatively as the distance from the hymenal ring to the anterior cervicovaginal junction at the hysterectomy incision site, and postoperatively, from the hymenal ring to the same location on the anterior cuff. During the anterior repair the fibromuscular tissues were plicated using an interrupted technique. Results Measurements were available for 40 women. Average age was 61.7±10 years, median parity was 2.5 and median preoperative Pelvic Organ Prolapse Quantification System (POP-Q) point Ba was 3 cm distal to the hymen. On average, AVL was reduced after surgery by 2.5 cm. Mean postoperative AVL was similar to mean AVL in women with normal pelvic support (6.4±0.8 cm vs 6.1±1.3 cm, p=0.15). Longer preoperative AVLs had greater AVL change (R 2 =0.78, p= <0.0001). Conclusions In women undergoing anterior repair, mean AVL was reduced by 28 % and returned to the normal range after surgery. These data highlight a rarely discussed effect of anterior repair, which is restoration of normal anterior vaginal wall length.
Introduction
Up to one quarter of women in the United States report one or more symptomatic pelvic floor disorders, with a 12 % lifetime risk for surgery [1, 2] . Involved in approximately 80 % of surgical pelvic organ prolapse repairs, the anterior compartment is the most common site of prolapse, and the most common site of recurrence [3, 4] . It is commonly accepted that anterior colporrhaphy narrows a widened anterior vaginal wall, but the effect on anterior vaginal wall length (AVL) is unknown. Hsu et al. showed that although apical descent is the primary factor contributing to cystocele size, increasing vaginal length accounted for 30 % of anterior wall prolapse. Reanalysis of Hsu's data found that the AVL is 23 % longer in women with cystocele than in normal controls (7.4±1.7 cm vs 6.1±1.3 cm) [5] .
The aim of our study was to determine whether vaginal length is altered in women undergoing anterior repair and hysterectomy. Furthermore, we sought to determine if women with longer preoperative AVLs undergo a greater degree of shortening after surgery.
Materials and methods
Demographic, clinical, and surgical data were collected for women undergoing hysterectomy and anterior repair in whom intraoperative vaginal wall measurements had been made between November 2009 and April 2014 at the University of Michigan. Approval was obtained from the University of Michigan's Institutional Review Board (HUM00089700). In the clinic, measurements were performed with patients in the low lithotomy position using the standardized Pelvic Organ Prolapse Quantification System (POP-Q) [6] . In the operating room, AVL was defined preoperatively as the distance from the hymenal ring to the anterior cervicovaginal junction at the hysterectomy incision site. The cervicovaginal incision was made in a circumferential fashion around the cervix and made just distal to the bladder reflection anteriorly. We did not utilize the technique of an anterior triangle along the vaginal wall for this incision. After the anterior repair was completed and before closing the vaginal cuff or tying up apical suspension sutures, AVL was again measured from the hymenal ring to the same location on the anterior cuff (Fig. 1) . This measurement was considered the Bpostoperative^AVL. A native tissue anterior colporrhaphy and vaginal hysterectomy were performed on all women. During the anterior repair, the vaginal epithelium was sharply dissected off of the underlying fibromuscular tissues to within 1 cm of the external urethral meatus. The fibromuscular layer was then plicated using interrupted stitches of a delayed absorbable suture. Plicating sutures were placed in either a vertical or a horizontal orientation at the surgeon's discretion (Fig. 2) . Placing the needle vertically through the tissue was intended to have the effect of reducing vaginal length. The excess epithelium was then trimmed and closed with a nonlocking running absorbable suture. Procedures were performed by one of two board-certified urogynecologists. Cases were divided into two groups based on preoperative AVL <8 cm or ≥8 cm. The value of 8 cm was chosen as it is approximately two standard deviations above the mean AVL of women with normal pelvic support [5] .
Continuous variables were analyzed using paired t tests and linear regression was performed to determine correlations. Statistical analyses were generated using IBM SPSS® statistics software, version 20.0 (copyright 2011, IBM Corporation).
Results
Measurements were available for 40 women and the demographics are presented in Table 1 . Average age was 61.7± 10 years and all women had anterior wall prolapse with a median maximal prolapse of 3.5 cm beyond the hymen. The distribution of preoperative and postoperative AVLs is shown in Fig. 3 . Seventy-five percent of women had AVLs of 8 cm or greater preoperatively, while none did postoperatively. In all women, AVL was reduced after surgery and on average, AVL was shortened by 2.5 cm. Mean postoperative AVL was 6.4± 0.8 cm, similar to the mean AVL in women with normal pelvic support (6.1±1.3 cm, p=0.15) [5] . Women with longer preoperative AVLs underwent greater change in AVL (2.9 vs 1.4 cm, p=0.005; R 2 =0.78, p=<0.0001; Table 2 ). Preoperative clinic POP-Q point Ba (R 2 =0.062, p=0.13) and POP-Q point Aa (R 2 =0.031, p=0.30) did not correlate with AVL change.
Discussion
We found that AVL is reduced by an average of 28 % in women undergoing anterior repair at the time of hysterectomy. To our knowledge this is the first report of the effect of anterior repair on vaginal length and adds to the existing literature regarding the relationship between cystocele and AVL. Although increased vaginal length has often been regarded as the cause of cystocele, recent studies suggest that it might actually be the result of a combination of factors acting on the pelvic floor. One theory is that a widened levator hiatus will generate a pressure differential between high intraabdominal and low atmospheric pressure. When this pressure acts on anterior vaginal wall that is exposed beyond the hiatus, it places the vaginal wall under tension and generates a downward force, ultimately leading to increased AVL [7] . Although assessment of postoperative outcomes was beyond the scope of this study, we speculate that reducing excess anterior vaginal wall length might play an important role in the successful repair of a cystocele. Our data further show that women with longer preoperative AVLs had a greater reduction in vaginal length and the average postoperative AVL in our study was similar to that measured in women with normal pelvic support. These findings highlight a rarely discussed effect of anterior repair, which is restoration of normal AVL. Although both surgeons in this study used a similar technique for performing anterior repair, a variety of techniques for native-tissue anterior colporrhaphy have been described [8] [9] [10] [11] . These techniques vary by vaginal incision depth, length of anterior vaginal wall dissection, type of plication stitch used (vertically or horizontally oriented, interrupted vs running, or purse-string), and the type of suture used (absorbable, delayed-absorbable, permanent). The mechanical differences in these techniques are not often discussed, nor are the strategies behind using one technique vs another. In the procedure we describe, the decision to place the plication stitches in either a horizontal or a vertical orientation was determined by the surgeon. Our observation has been that vertically oriented stitches result in greater shortening of the vaginal length than horizontally oriented stitches. This concept is demonstrated using a piece of stretchable fabric and the effect that either type of stitch has on the resulting fabric length (Fig. 4) . Purposeful selection of a vertical plication stitch in a patient with vaginal elongation can help to restore normal vaginal length, while a horizontal plication stitch will help to maintain vaginal length in someone who does not require as much shortening. Recognition of these observations and surgical strategies is important to help to optimize our approach to native-tissue anterior colporrhaphy.
There are several limitations to our study. These cases came from a single institution and all surgeries were performed by one of two surgeons. Further work is needed to replicate these results in other centers and by other surgeons in order to increase generalizability. The technique used to measure preand postoperative AVL in this study is not a validated one and, as previously mentioned, anterior colporrhaphy performed by a technique other than that described in the study may yield different results. Surgeons placed the plication Fig. 2 During anterior colporrhaphy, plication of the fibromuscular layer in two different orientations. a Horizontally (side-to-side), which would act to maintain vaginal length, and b vertically (top-tobottom on the patient's left side (shown) and then bottom-to-top on the contralateral side), which would have the effect of a greater reduction in vaginal length sutures in the horizontal or vertical orientation based on their best judgment and as this was not recorded in all operative notes, we were unable to determine which patients received which type of plication stitch. Furthermore, this study only assesses the change in AVL after anterior repair performed at the time of hysterectomy. Postoperative AVL was measured before vaginal cuff closure or tying up apical suspension sutures and should not be generalized to apply to isolated anterior repair or total vaginal length after apical suspension procedures for post-hysterectomy vaginal prolapse. Because the surgeons were performing the measurements, there was no way for them to be blinded to vaginal length and this could have potentially influenced the results. Finally, this was a small cohort and although we reached statistical significance, results may vary with a larger sample size. Our study is strengthened by the fact that all measurements and surgical procedures were performed by two experienced urogynecologists. Additionally, this is a descriptive study reporting novel results. In summary, AVL is restored to the normal range after native tissue anterior repair and hysterectomy. Further investigation into how this observation might affect surgical outcomes could be important and may ultimately help to improve surgical technique for anterior colporrhaphy. 
